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Abstract
The recent global analysis of helicity parton distributions, which takes into account available
data from inclusive and semi-inclusive polarized deep inelastic scattering, as well as from
polarized proton-proton scattering at RHIC, appears to offer the first strong evidence that
polarized sea-quark distributions are flavor asymmetric, i.e. ∆u¯(x) 6= ∆d¯(x). We point out
that the flavor symmetry breaking pattern indicated by their analysis, i.e. ∆u¯(x) > 0 and
∆d¯(x) < 0 with the magnitude correlation |∆u¯(x)| < |∆d¯(x)|, is just consistent with our
theoretical predictions given several years ago on the basis of the chiral quark soliton model.
We also address ourselves to understanding the physics behind this observation.
Undoubtedly, the famous NMC measurement [1], which has established the flavor asym-
metry of unpolarized sea-quark distributions, is thought to be one of the most noticeable
achievements in the recent studies of nucleon structure functions. The reason is that it gave
the first clear evidence for manifestation of nonperturbative chiral dynamics of QCD in high-
energy deep-inelastic scattering observables, which was not taken very seriously before this
milestone discovery. The NMC observation, i.e. the excess of d¯-sea over the u¯-sea in the
proton, is known to be explained by a variety of models at least qualitatively. (See [2],[3], for
review.) They are the meson cloud convolution model including its variants [4] -[9], the chiral
quark soliton model (CQSM) [10] -[13], as well as several other models with more phenomeno-
logical nature like the statistical parton model [14],[15] and the explanation based on the Pauli
exclusion principle [16].
A natural next question is then whether the polarized antiquark sea in the nucleon is
also flavor asymmetric or not. Somewhat embarrassingly, existing theoretical answers for this
question is fairly dispersed, in remarkable contrast to the unpolarized case. Among others.
worthy of special mention is a big difference between the prediction of the meson cloud model
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[17] -[22] and that of the CQSM [23] -[28]. The CQSM predicts large flavor asymmetry also
for the longitudinally polarized sea-quark distributions, i.e. ∆u¯(x) − ∆d¯(x) > 0, whereas
the prediction of the meson cloud model for the same quantity is fairly small or slightly
positive. (Actually, the meson cloud model contains a lot of parameters and its theoretical
predictions are fairly dispersed depending on how many meson-baryon intermediate channels
are included in the calculation [21]. Here, we are supposing the prediction of the most elaborate
recent calculation by Cao and Signal within the framework of the meson cloud model [22].)
Although it is usually believed that the CQSM yield similar results to those obtained in
the meson cloud model or the cloudy bag model as one of such models constructed so as
to effectively incorporate the chiral dynamics of Nambu-Goldstone excitations surrounding
the nucleon core, it is not necessarily true. Significant differences, if they exist, appears to
originate from a unique dynamical ansatz of the CQSM, i.e. the rotating hedgehog. It has
been long claimed that this unique feature of the CQSM enables us to explain the celebrated
EMC observation, i.e. very small quark spin fraction of the nucleon, quite naturally without
introducing any fine tuning [29],[30]. The recently found big difference between the prediction
of the CQSM and that of the refined cloudy bag model for the isovector combination of the
quark orbital angular momenta Lu−Ld [31],[32] also appears to be connected with the nontrivial
spin-isospin correlation between quark fields embedded in the hedgehog ansatz [31],[33],[34].
Furthermore, the same correlation between spin and isospin is likely to be the cause of the
strong correlation existing between the flavor asymmetries of the unpolarized and polarized
sea-quark distributions predicted by the CQSM, which dictates that both of u¯(x)− d¯(x) and
∆u¯(x)−∆d¯(x) are sizably large in magnitude [26],[27].
In view of the interesting sensitivity of the flavor asymmetry of the polarized sea-quark
distributions to theoretical models, it is of great interest to get direct experimental information
on it. Since the separation of the quark and antiquark distributions cannot be done solely
from the inclusive measurements, additional information from semi-inclusive measurements
is crucial for this separation. The first systematic challenge for aiming at extracting the
polarized sea-quark distributions were carried out by the HERMES Collaboration [35]. From
semi-inclusive scattering measurements where the final pions and kaons are measured, they
extracted the polarized antiquark distributions, thereby concluding that the polarization of
each flavor, i.e. ∆u¯(x),∆d¯(x),∆s¯(x), is very small, and compatible with zero, which seems
to be consistent with the prediction of the meson cloud model [22]. However, in view of the
fact that the mechanism of semi-inclusive scatterings is understood less reliably than that of
the inclusive scatterings, and that we have much more precise inclusive data than the semi-
inclusive data, it is desirable to perform systematic global analysis, which takes account of all
the available information. Such an analysis has recently been done by de Florian et al. [36]
Their analysis was performed fully at the next-to-leading order of perturbative QCD, by taking
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account of available data from inclusive and semi-inclusive scatterings, as well as from polarized
proton-proton scatterings at RHIC. Very interestingly, the result of their analysis appears to
offer the first strong evidence in favor of the flavor asymmetry of the polarized sea-quark
distributions, i.e. ∆u¯(x) − ∆d¯(x) > 0. Particularly noteworthy here is the observed pattern
of flavor symmetry violation in the polarized sea. Their results indicates that ∆u¯(x) > 0 and
∆d¯(x) < 0 with the interesting magnitude correlation |∆u¯(x)| < |∆d¯(x)|.
Now, the purpose of the present paper is to point out that the observed pattern of fla-
vor symmetry violation in the polarized sea-quark distribution is just consistent with the
parameter-free predictions of the CQSM, which we gave several years ago. We also try to clar-
ify the background physics leading to the observed symmetry breaking pattern of the polarized
sea-quark distributions. We shall also make a short remark on their results for the polarized
strange-quark distributions in the nucleon from our own viewpoint.
Before showing a comparison of the predictions of the CQSM with the results of the new
DSSV analysis, several comments on the model are in order. We have two versions of the
CQSM. One is the flavor SU(2) version [37],[29], and the other is the flavor SU(3) version
[38],[39]. The basic parameter common in both models is the dynamically generated quark
mass M , which is already fixed to be M ≃ 375MeV from low energy phenomenology or from
the instanton picture of the QCD vacuum, which affords a theoretical foundation of the model
[37]. The predictions of the SU(2) CQSM for various parton distributions at the model scale is
therefore parameter free. The flavor SU(3) version of the CQSM model contains an additional
parameter, i.e. the effective mass difference ∆ms between the strange and up-down quarks. We
fixed this parameter to be 100MeV such that the model reproduces the general behavior of the
unpolarized strange quark distributions at the high energy scale, Q2 = 4GeV2. (See [28], for
more detail.) To make a comparison with high energy deep-inelastic-scattering observables,
we take the predictions of the CQSM as initial scale distributions at the low energy model
scale. The scale dependencies of the distribution functions are taken into account by using the
standard evolution equation at the next-to-leading order. The starting energy of this evolution
is taken to be Q2 = 0.30GeV2, basically following the strategy of the PDF fits by Glu¨ck, Reya
and Vogt [40],[41].
Now in Fig.1, we show the results of the new DSSV global fit for the isovector distribution
x (∆u¯(x) − ∆d¯(x)) in comparison with the theoretical predictions of the CQSM. Here, the
solid and dash-dotted curves are respectively the predictions of the flavor SU(2) and SU(3)
versions of the CQSM. As pointed out in [28], the flavor asymmetry of the polarized sea-quark
distributions is fairly sensitive to the difference of the two versions of the model. (This is
not the case for the unpolarized sea-quark distributions. That is, the difference between the
predictions of the two models for the distribution x (u¯(x)− d¯(x)) is fairly small [28].) One sees
that, with high confidence level, the new DSSV fit shows a strong evidence in favor of the flavor
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Figure 1: The predictions of the SU(2) and SU(3) CQSM for the distribution difference
x (∆u¯(x) − ∆d¯(x)) at Q2 = 10GeV2, in comparison with the new DSSV global fit with the
uncertainty bands for ∆χ2 = 1 and ∆χ2/χ2 = 2%.
symmetry violation for the polarized sea-quark distributions. Interestingly, the magnitude of
this flavor symmetry violation is fairly close to the prediction of the flavor SU(3) CQSM. It
was advocated that sizably large CQSM prediction for ∆u¯(x) − ∆d¯(x) is consistent with the
large-Nc counting argument [27], which dictates that
|∆u¯(x)−∆d¯(x)| ≫ |u¯(x)− d¯(x)|, (1)
since |u¯(x)− d¯(x)| / |∆u¯(x)−∆d¯(x)| is a 1/Nc quantity. In our realistic world, however, Nc is
just three, anyway, and the actual numerical predictions might not necessarily obey this general
expectation. In fact, in the SU(3) CQSM, we find that the magnitude of ∆u¯(x) − ∆d¯(x) is
slightly smaller than that of u¯(x)−d¯(x), as shown in Fig.18 of [28]. (Incidentally, our prediction
for x (∆u¯(x) − ∆d¯(x)) within the SU(2) CQSM is a little smaller than the corresponding
prediction of the Bochum group shown in Fig.7 of [36]. The reason of this small discrepancy is
not clear, but it may be traced back to the difference of the used soliton profile or the difference
of the details of the evolution procedure.)
Also very interesting is the flavor separation of the polarized sea-quark distributions. Shown
in Fig.2 are the results of the DSSV analysis in comparison with the predictions of the CQSM.
Again, the predictions of the SU(3) CQSM appears to be closer to the results of the DSSV
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Figure 2: The predictions of the SU(2) and SU(3) CQSM for the longitudinally polarized
sea-quark distribution functions, x∆u¯(x) and x∆d¯(x) at Q2 = 10GeV2, in comparison with
the DSSV global fit.
fit. A noteworthy feature of the new global fit is the observed pattern of the flavor symmetry
breaking. It indicates that ∆u¯(x) > 0 and ∆d¯(x) < 0 with the magnitude correlation |∆u¯(x)| <
|∆d¯(x)|. We emphasize that this characteristic of the flavor symmetry breaking pattern of the
polarized sea-quark distribution is just what the CQSM predicts [28]. An interesting question is
therefore how this unique pattern of symmetry violation arises in the CQSM. Since the physics
is basically common in two versions of the CQSM, we explain it in simpler SU(2) CQSM. To
this end, we first recall the fact that, within the theoretical framework of the CQSM, the
isoscalar and isovector distributions have different theoretical structure due to their different
Nc-dependence [23],[25],[28], so that the longitudinally polarized distribution functions with
each flavor is evaluated as linear combinations of the isoscalar and isovector parts as
∆u¯(x) =
1
2
[
(∆u¯(x) + ∆d¯(x)) + (∆u¯(x)−∆d¯(x))
]
, (2)
∆d¯(x) =
1
2
[
(∆u¯(x) + ∆d¯(x)) − (∆u¯(x)−∆d¯(x))
]
. (3)
Shown in Fig.3 are the predictions of the SU(2) CQSM for the isoscalar and isovector com-
binations of the longitudinally polarized quark distribution functions [25]. In this figure, the
distribution functions with negative value of x should be interpreted as antiquark distribution
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Figure 3: The predictions of the SU(2) CQSM for the isoscalar and isovector longitudinally
polarized distribution functions of the nucleon at the scale of the model. The long-dashed and
the dash-dotted curves respectively stand for the contribution of Nc valence quarks and that
of the Dirac-sea quarks, while the solid curve represents their sum. The distribution functions
∆q(x) in the negative x region should be interpreted as antiquark distributions according to
the rule : ∆q¯(x) = ∆q(−x) with 0 < x < 1.
according to the rule :
∆u¯(x)±∆d¯(x) = ∆u(−x)±∆d(−x) (0 < x < 1). (4)
The right panel of Fig.3 shows that the vacuum polarization of the Dirac-sea quarks in the
hedgehog mean-field plays an important role in generating large flavor asymmetry of the po-
larized sea-quark distribution. This fact was already emphasized in several previous papers
[26],[27]. The physics we are now discussing is connected with another unique feature of the
CQSM predictions. As shown in the left panel of Fig.3, it predicts that the isoscalar longitudi-
nally polarized distribution is negative in the small x region including the negative x domain
[25],[28], which means that ∆u¯(x) + ∆d¯(x) is negative for the physical value of x, i.e. for
0 < x < 1. This observation, combined with the fact that ∆u¯(x)−∆d¯(x) is sizably large and
positive for small and negative x, leads to an interesting symmetry breaking pattern of the
longitudinally polarized sea-quark distributions such that ∆u¯(x) > 0 and ∆d¯(x) < 0 with the
magnitude correlation |∆u¯(x)| < |∆d¯(x)|. We emphasize that this feature comes about as a
parameter-free prediction of the CQSM. Some years ago, we have pointed out [42] that the
negativity of the isoscalar longitudinally polarized quark distribution in the small x region is
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just what is required for reproducing the sign change of the deuteron spin structure function
at low x as dictated by the SMC and COMPASS data [43],[44]. (Remember that the deuteron
spin structure function is roughly proportional to the isoscalar longitudinally polarized dis-
tribution function of the nucleon.) This observation then indicates that the flavor symmetry
breaking pattern |∆u¯(x)| < |∆d¯(x)| obtained in the DSSV fit must be strongly influenced by
the deuteron structure function data included in their global fit.
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Figure 4: The predictions of the SU(2) CQSM for the product of the polarized quark and
antiquark distributions, i.e. ∆u(x) × ∆u¯(x) and ∆d(x) × ∆d¯(x) at the model scale. The
expectation from the Pauli exclusion principle argument is an approximate equality of these
two quantities, i.e. ∆u(x)×∆u¯(x) ≃ ∆d(x)×∆d¯(x).
We recall that the flavor asymmetry of the polarized sea-quark distributions is predicted
also by some models with more phenomenological nature like the statistical parton model
[14],[15] as well as the model based on the Pauli exclusion principle [16]. For instance, the
analysis by Bhalerao within the statistical model predicts ∆u¯(x) > 0 and ∆d¯(x) < 0 with the
magnitude of |∆d¯(x)| being larger than that of |∆u¯(x)| although slightly [14]. Note, however,
that this model uses the known empirical information for the magnitudes of ∆u+∆u¯, ∆d+∆d¯,
and ∆s+∆s¯, so that its predictions are not of purely theoretical nature. Also interesting is the
prediction of the semi-phenomenological model of Gu¨ck and Reya based on the Pauli exclusion
principle [16]. Their model also predicts large flavor asymmetry for both of the unpolarized and
polarized sea-quark distributions. Furthermore, this model predicts fairly large asymmetry for
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the magnitudes of ∆u¯(x) and ∆d¯(x) such that |∆u¯(x)| < |∆d¯(x)| in conformity with the new
DSSV global fit. We point out that the above-mentioned feature comes from the basic ansatz
of this semi-phenomenological treatment, which demands that the product
∆q(x, µ2)∆q¯(x, µ2) ≡ P (x), (5)
is universal flavor-independent function P (x) with µ being an low energy input scale of their
evolution program, since the effect of Pauli blocking is only related to the spin of quarks and
antiquarks irrespective of their flavor degrees of freedom. Since it is empirically known that
|∆u(x)| > |∆d(x)|, it naturally follows that |∆u¯(x)| < |∆d¯(x)|. It may be of some interest
to check to what extent the above ansatz holds in our explicit dynamical model predictions.
Shown in Fig.4 are the predictions of the SU(2) CQSM for the product of ∆u(x) and ∆u¯(x) and
that of ∆d(x) and ∆d¯(x) at the model energy scale, which we identify with µ2 = 0.30GeV2.
One clearly sees that the ansatz ∆u(x)∆u¯(x) = ∆d(x)∆d¯(x) does not hold good at least in
the CQSM. This seems to be an indication that the nontrivial chiral dynamics of QCD besides
the Pauli blocking effect plays some important roles in the physics of the flavor asymmetry of
sea-quark distributions in the nucleon.
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Figure 5: The prediction of the SU(3) CQSM for the polarized strange quark distribution
x∆s(x) in comparison with the DSSV global fit. Here, the solid curve is the prediction of the
SU(3) CQSM for the polarized s-quark distribution, whereas the long-dashed curve is that for
the polarized s¯-quark distribution.
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Finally, we make a brief comment on the polarized strange quark distributions obtained in
the DSSV global analysis. As shown in Fig.5, a remarkable feature of the new DSSV analysis
is that a polarized strange quark distribution ∆s(x) is positive at large or medium x, but
negative at small x, at variance with most of the past PDF fits which use only inclusive DIS
(deep-inelastic-scattering) data. This peculiar behavior of ∆s(x) arises since the (kaon) semi-
inclusive DIS data prefer a small and likely positive ∆s(x) at medium x, while inclusive DIS
and the constraints from beta-decay demand a negative 1st moment of ∆s(x) [45], thereby
forcing ∆s(x) to be negative at small x. To our knowledge, there is no theoretical model,
which predicts such nodal behavior of ∆s(x). Shown in Fig.5 together with the DSSV fit are
the predictions of the SU(3) CQSM for the polarized strange quark distributions. The SU(3)
CQSM predicts that both of ∆s(x) and ∆s¯(x) are negative in the whole region of x, while
the magnitude of ∆s¯(x) is much smaller than ∆s(x), i.e. |∆s¯(x)| ≪ |∆s(x)|. In the DSSV
analysis, the equality of the polarized strange quark and antiquark distributions is assumed,
because of the reason that the fit is unable to discriminate strange quarks from antiquarks
at the present stage. As pointed out by the authors of [36] themselves, however, unlike the
spin-averaged case where the distributions of s(x) and s¯(x) are constrained by the conservation
law, i.e.
∫
1
0
[s(x) − s¯(x)] dx = 0, there is no absolute need for ∆s(x) and ∆s¯(x) to have the
same magnitude or even the same sign. Although may not be feasible at the present stage, a
possible large asymmetry of the polarized strange sea as suggested by the CQSM should be
kept in mind and such possibility is highly desirable to be taken into account in more elaborate
global analyses in the future.
To sum up, the recent global analysis of spin-dependent parton distributions appears to
offer the first strong evidence in favor of the flavor symmetry violation of the longitudinally
polarized sea-quark distributions in the nucleon. We have pointed out that the indicated flavor
symmetry breaking pattern, i.e. ∆u¯(x) > 0 and ∆d¯(x) < 0 with the magnitude correlation
|∆u¯(x)| < |∆d¯(x)|, is remarkably consistent with the nearly-parameter-free prediction of the
CQSM. An apparent discrepancy remains, however, between their fit for the polarized strange
quark distributions in the nucleon and the corresponding prediction of the SU(3) CQSM. To
get more definite conclusion on the implication of this discrepancy, we certainly need more
and more effort to understand the precise mechanism of semi-inclusive reactions, especially
the mechanism of semi-inclusive kaon productions.
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